Carcinoma of the prostate is a commonly occurring malignant tumour in men and is a common cause of death. Early diagnosis and therapy is crucial for the successful treatment of this serious disease. It is therefore desirable to develop a sufficiently reliable, minimally invasive, and inexpensive method of diagnosing prostate cancer, which would usefully supplement the diagnostic techniques currently in common use (digital rectal examination, measuring the prostate-specific antigen level in serum, transrectal ultrasonography). This article describes in detail the methodology of a new technique for intensive training aimed at developing the dog's olfactory abilities to diagnose carcinoma of the prostate in men while the animal is still young. At the same time, the rate of success in establishing the diagnosis of prostate cancer in men using this method was evaluated based on the identification of urine samples from patients in whom the disease was histologically confirmed. The results of our study demonstrate that the diagnosis of prostate cancer in men using the olfactory abilities of a specially trained dog can be considered a reliable, non-invasive, and relatively inexpensive method of diagnosing carcinoma of the prostate.
Carcinoma of the prostate is the most common non-cutaneous malignant tumour among men in a number of the world's developed countries and, after carcinoma of the lung, it is the most common solid tumour in the male population of the United States (Jemal et al. 2009 ). Despite the progressive development of diagnostic methods (Vyhnánková 2015) in the area of diagnosing cancer, this disease is still one of the major causes of death in humans. Early detection and prompt commencement of therapy are crucial for the successful treatment of carcinomas and an appropriate way of reducing the economic burden of treatment and the mortality of the disease (Sonoda et al. 2011) . The basic diagnostic methods used to diagnose prostate cancer include digital rectal examination (DRE), measuring the prostate-specific antigen (PSA) level in serum, and transrectal ultrasonography (TRUS) (Gerber and Chodak 1991) . When patients are making decisions about undergoing preventative or early examination, the degree to which the procedure carried out is invasive and painful is quite important. It is therefore desirable to develop a method of diagnosing prostate cancer which is sufficiently reliable, but at the same time minimally invasive and not too expensive.
In our study we focused on the development of diagnostics for prostate cancer in men from urine samples using the olfactory abilities of the dog. The aim of the study was to introduce a new technique for the intensive development of the dog's olfactory abilities to diagnose carcinoma of the prostate in men while the animal is young; to evaluate the success rate in establishing the diagnosis of prostate cancer in men on the basis of indicating urine samples from patients with a histologically confirmed prostate carcinoma; and to verify the reliability of this non-invasive method of diagnosing prostate cancer.
Materials and Methods

Sampling
Urine samples were collected at the Urological Clinic of the University Hospital in Brno. Patients have been compiled and published in the thesis of MUDr. Vlasta Vyhnánková (Vyhnánková 2015) . Urine was obtained by spontaneous micturition. Positive samples came from patients with a histologically confirmed carcinoma of the prostate. The set of negative patients consisted of urine samples from urological patients with a negative histological report for the prostate. No urine samples from women were included in the study (not even as negative samples).
After collection, the urine was stored in disposable test tubes and, after being transported to the Clinic of Dog and Cat Diseases at the Veterinary and Pharmaceutical University in Brno, the samples were stored in freezing boxes at a temperature of -20 °C until required. Before the samples were presented to the dog, the urine was slowly thawed and brought to room temperature.
The dog and its training
For the purposes of this study, a German Shepherd bitch named Agáta Jankari, born on May 1, 2012, was used. She began a special training programme at seven months of age. Prior to that, she had undergone basic obedience training (Jansen et al. 2011 ) and training in scent work (Jansen et al. 2011) . The actual training of the dog at a young age utilizing its olfactory abilities to diagnose prostate cancer in men was based on the method of positive reinforcement using a clicker (Pryor 2006; Egtvedt and Køste 2012) . The method of positive reinforcement consists of marking and rewarding desired behaviour. Correct behaviour was indicated using a clicker and immediately rewarded using a treat or a game with a toy.
The training area and samples
The training took place in a room designated for that purpose with a floor covered with marmoleum which was washed with a disinfectant solution every day. In the first stage, the samples along with the test tube were placed in a container of sand covered with gauze; later they were placed in plastic beakers of a volume of 30 ml with a perforated lid. The beakers with the samples were fixed to the floor using an adhesive substance to prevent them from being knocked over.
The development of the dog's olfactory abilities to diagnose prostate cancer in men The training of the dog which led to the utilization and development of its olfactory abilities to diagnose prostate cancer in men took place × 4-5 per week for a period of 11 months. In the course of a day, 1-2 training sessions were carried out, during which the dog was dispatched × 3-6 to check and evaluate one sample, later up to three samples (1 positive, 2 negative). On the other days, the training was aimed to improve physical condition and the development of olfactory abilities by working on the scent trail of the dog handler.
The actual training of the dog to diagnose prostate cancer was carried out as follows. The dog was first familiarized with the scent of a positive urine sample. Only one positive sample was placed in the centre of the training area in such a way as to allow the dog direct contact with the sample but at the same time to prevent it from potentially ingesting it. Initially, any kind of interest in the sample shown by the dog (approaching it, sniffing it, contact with the nose) was marked with a click and immediately rewarded with a treat or a game. In the next stage, the criteria for desired behaviour were raised by only marking "lying down by the sample" and placing the nose (Plate IV, Fig. 1 ) on the container with the sample. After consolidation of the desired behaviour with the container holding the positive sample, an identical container, this time with an empty test tube, was added to the training area. In the event that this container was indicated, this behaviour was not marked or rewarded and the dog was again invited to identify the correct sample. As soon as erroneous identification of the incorrect container had been eliminated, the test tube was filled with water and the exercise continued. In this stage there were almost no instances of erroneous identification. A second container with a test tube filled with water was therefore introduced. A further raising of the criteria consisted of exchanging the water in one of the test tubes for a negative urine sample. After several training sessions, the water in the second test tube was also exchanged for a negative urine sample.
Because of the risk of the container with the test tube being contaminated by the urine sample in the event that it was knocked over, which could lead to the dog becoming confused, the containers with the test tubes were replaced by beakers of a volume of 30 ml with a perforated lid, into which the urine sample was poured directly.
In the event of contamination of the training area by a urine sample, the floor was immediately washed. The test containers were positioned on the floor in various ways depending on the stage of training.
The positioning of samples
In the early stages of training, a single positive sample was placed in the centre of the training area by the dog handler. After consolidation of the desired behaviour with the sample, the container with the positive sample was placed in various positions around the training room and the dog was sent towards it from various directions using the command "OK". When the other two containers were added (with an empty test tube, with water, with negative samples), they were positioned in a line of three containers next to each other, or behind each other, or in a triangle, and the dog was sent to identify the correct (positive) sample, still from various directions. In the course of a single training session, the samples were moved about in such a way that the dog could not observe this process. In the later stages of training, the samples were not positioned by the dog handler but by another person.
Evaluation of the dog's work
The actual testing of the reliability of diagnosing prostate cancer by making use of the dog's olfactory abilities with the identification of positive urine samples from patients with this disease (conclusively established by histology) was carried out after 11 months of special training, at which time the dog was 1.5 years old. Included in the testing were 70 samples, of which 45 were positive (urine from men with prostate cancer) and 25 were negative (urine from men without prostate cancer). Each time it was dispatched, 3 samples (always 1 positive and 2 negative) were presented to the dog. Lying down by the sample was regarded as positive identification, while checking the sample using smell then leaving it and moving on to another sample was regarded as negative identification (Plate IV, Fig. 2 ).
Results
The frequency with which our specially trained dog correctly identified positive urine samples from patients with histologically confirmed carcinoma of the prostate is shown in Table 1 . The sensitivity of identifying urine samples from patients with histologically confirmed prostate cancer using the olfactory abilities of the specially trained dog in our study was 93.5%; the specificity of this diagnostic method was 91.6%.
Discussion
The earliest reports on the use of dogs as "chemical detectors" date back to a time 12,000 years ago (Furton and Myers 2001) . Dogs are accurate and reliable biosensors, which makes them useful detection technology (Furton and Myers 2001) . Sniffer dogs have been used by police forces and civilian services worldwide as operational tools for more than 100 years (Lesniak et al. 2008) . Their olfactory abilities are used to detect a wide range of scents (Lesniak et al. 2008; Hall et al. 2013 ), e.g. explosives (Goldblatt et al. 2009; Adamkiewicz et al. 2013) , narcotics (Adamkiewicz et al. 2013) , tortoises (Cablk et al. 2008) , cows in oestrus (Hawk et al. 1984; Fischer-Tenhagen et al. 2011) , and to find lost people or bodies; dogs are used to identify exhibits in criminology (Lesniak et al. 2008) . Thanks to the extraordinary sensitivity of the dog's sense of smell, a tiny amount of odorous substance is often enough to identify the relevant scent (Williams and Johnston 2002; Hepper and Wells 2005; Walker et al. 2006 ). This ability, together with the willingness that dogs exhibit to work with people and the relative ease with which they can be trained, is crucial for the use of dogs as "olfactory detectors" (Lesniak et al. 2008) . At the same time, the results of the study can be affected by, for example, the choice of the dog breed, due to the polymorphism of the scent receptors, which contribute to a large degree to the olfactory abilities of dogs (Lesniak et al 2008) . Studies have been published describing the more or less accidental discovery of skin melanomas by pet dogs (Williams and Pembroke 1989; Church and Williams 2001) . Subsequently, some authors examined the diagnosis of tumours of the bladder (Willis et al. 2004 ), lungs and breast (McCulloch et al. 2006) , ovaries (Horvath et al. 2008) , colorectal carcinoma (Sonoda et al. 2011) , and prostate cancer (Cornu et al. 2011) . Our study also looks at the use of the dog's olfactory abilities in the sense of its ability to distinguish between urine from patients with prostate cancer and urine from patients free of the disease, with the use of a specific technique for intensively training the animal, with the aim to consolidate and develop this innate ability of the dog.
The advantage of prior obedience training and practice of scent work with the animal used in our study was that the dog was already familiar with the basic principles of training and rewards and was accustomed to working with the dog handler. Its previous experience of indicating by lying down beside objects on the track greatly simplified the process, because the dog very quickly offered precisely this desired behaviour with positive urine samples.
We were forced to change the method of presenting the samples for inspection (from test tubes placed in a container of sand to beakers fixed to the floor) due to the fact that, while hastily checking the sample, the dog sometimes knocked the container over, spilling the sample and contaminating the sand and container, which subsequently led to incorrect identification of the samples presented. This problem was eliminated by switching to samples in beakers.
The first test of the success rate of the training in distinguishing between urine from persons with prostate cancer and urine from persons without cancer was conducted after 11 months of training, when the dog was 1.5 years old. In a study by Cornu et al. (2011) the authors describe training a dog × 5 a week for a period of 16 months before the authors performed the first test to verify the dog's ability to identify positive and negative samples. Cornu et al. (2011) do not state the age of the Belgian Shepherd in their study, but the time, intensity and training method in both studies are comparable. The results obtained in terms of sensitivity (our study 93.5%, Cornu et al. (2011) 91%) and specificity (our study 91.6%, Cornu et al. (2011) 91%) are also similar.
The advantage of using such a young dog for the training is that it is not encumbered with undesirable habits arising from other trainings with different aims and, in addition, at that age it can be motivated very well during training (Stemmerová 2012) . Given the very young age of the dog used in our study and the occasional inattentiveness and restlessness while working which were associated with it, improvement in the accuracy and reliability of distinguishing and identifying samples can be expected in future.
During the training, deterioration in the bitch's concentration and work was recorded when she was in heat. This undesirable situation could be eliminated by choosing an individual of the opposite sex (a male dog), although it is also necessary to take into account the fact that male dogs can, on the other hand, be significantly distracted when bitches in the vicinity are in heat (Egtvedt and Køste 2012) . In future, the factor of deterioration in the bitch's concentration while in heat will be eliminated by performing ovariectomy.
The choice of dog which is not merely to be a "pet" but is to be a useful assistant in particular work is not easy and, for example, selection of dogs for use by the Czech Army is carried out by an expert committee (Nový 1995) . In order to successfully employ working dogs in specific training it is necessary to determine the predominant reactions (of orientation, defence, feeding, passive defence), the dog's degree of excitability, the condition of its sense organs, and the exterior (Nový 1995) . In the first phase of selection, the dog's willingness to train is assessed and it is not until the second phase that its aptitude for a particular type of service is established (Ryneš 1997) . In our study we used a bitch which had already exhibited inclinations towards scent work and a strong willingness to train as a puppy. However, it is possible that not every dog of a working breed will have the necessary capabilities for this specific training.
Based on the established relatively high sensitivity (93.5%) and specificity (91.6%) of diagnosing prostate cancer using the olfactory abilities of a dog trained by a specific intensive technique practising and developing these innate faculties of the animal at an early age, it can be stated that the described method of identifying cancer-specific substances in samples of urine may become a newly employed and, for clinical practice, beneficial technique which could make the diagnosis of this deadly disease faster and more accurate in future. The results of our study demonstrate that diagnosing prostate cancer in men using the olfactory abilities of a specially trained dog can be regarded as a relatively reliable, non-invasive, and comparatively inexpensive method. In future this method may usefully supplement the existing range of diagnostic methods commonly used to detect carcinoma of the prostate. 
